A C C E P T E D INTRODUCTION 24
Rugby union is a high contact, team sport involving periods of intermittent submaximal 25 activity interspersed with short high-intensity bouts (20, 23) . In addition, during competitive 26 matches players are repeatedly exposed to forceful collisions associated with tackling. The 27 combination of high intensity activity and repeated blunt force trauma have been linked to 28 substantial muscle damage (18) . 29
30
The impact of muscle damage on performance has therefore been suggested to impact 31 recovery (2,7). Recovery is further compounded by the added weekly habitual training 32 activity, which usually commences after 48 h of rest, in preparation for the next match. As 33 such, the short rest times between competition and training may not provide the players with 34 sufficient time to fully recover (7). Consequently, the detrimental effects of under recovery 35 can lead to several negative implications for the players and the team, which may impact 36 coaching practices. Furthermore, the cumulative effect of under recovery from one week to 37 the next can lead to the accumulation of fatigue, predisposing the players to potentially more 38 significant injuries throughout the season (5). These factors coupled with the additional 39 pressure of consistent performance make it imperative that optimal recovery strategies are 40 identified and implemented so that any detrimental effects are nullified (5). 41 following high-intensity activity to promote recovery and diminish muscle soreness to aid the 47 return to training (4,15,24). It has been speculated that the increase in popularity is due to the 48 positive physiological mechanisms associated with temperature and pressure induced changes 49 experienced during CWI, that allow athletes to resume training in a fully recovered state (16) . 50
The effect of CWI decreases in tissue temperature is thought to reduce cell necrosis, oedema, 51 neutrophil migration and consequently secondary muscle damage (1, 4) . Additionally, the 52 resultant reduction in the inflammatory response causes a decrease in nerve conduction 53 velocity and activity of muscle spindle function, this decreases the stretch reflex response, 54 reducing the pain-spasm cycle and thus muscle soreness (4,6,16). 55
56
Leeder et al. (16) conducted a systematic review and meta-analysis exploring the efficacy of 57 CWI as a recovery modality. The authors divided research into two categories; eccentric 58 exercise and high intensity exercise, based on how the muscle damage was induced. Findings 59 indicated CWI had a minimalistic effect following eccentric exercise, whilst a positive effect 60 following high intensity exercise was found, reflecting both game and training situations. 
METHODS 95

Experimental Approach to the Problem 96
Using a between groups study design, participants were matched for body mass and 97 randomly assigned to either a CWI group (N=8) or a control group (CON) prior to 98 undertaking a simulated rugby protocol. Dependent measures including CK, muscle soreness, 99 CMJ and MVIC and were measured pre-protocol, post-protocol, 24 h and 48 h post protocol 100 in order to compare recovery with and without CWI. The study was conducted in February 101 on week 18 following a one-week break in the 22-week competition season (3 sessions 102 weekly including a match). This was done to ensure subjects were well rested. Subjects were 103 asked to refrain from any training, activity or recovery strategies such as therapeutic 104 treatments for the duration of testing. 105
106
Subjects 107
Sixteen, club level, male rugby union players (mean ± sd; age, height, and body mass 20 ± 108 1.2 yrs, 180 ± 5.5 cm, and 86.2 ± 6.9 kg respectively) volunteered to participate in this 109 investigation which was approved by St Mary's University Ethics Committee in accordance 110 with the Declaration of Helsinki. All participants were informed of the risks and benefits of 111 taking part in the study prior to completing a health screening questionnaire and giving 112 written informed consent in order to participate. Any subjects with a history of 113 musculoskeletal injury, inflammatory disorders or any other illness were excluded from 114 taking part. Measurements took place at the same time of day during testing to reduce the effects of 136 diurnal variation and participants were asked to maintain their normal dietary habits for the 137 duration of the study. Plasma CK was sampled from a fingertip blood sample. The index 138 fingertip of the subject was cleaned using a sterile alcohol swab and allowed to dry. Capillary 139 puncture was made and a sample of whole blood (∼300 µL) was collected into a lithium- is likely due to the large subject variation within this measure. 170
Subjects in the CWI group were required to climb into a convenience bath (88 cm depth, 60.1 171 cm width, and 110 cm height) and lower themselves until their entire lower body was 172 immersed up to the level of the superior iliac spine. The CWI protocol consisted of 2 x 5 min 173 immersions separated by 2.5 min seated out of the bath at room temperature. Water 174 temperature was maintained at 10°C by the addition of crushed ice. Subjects in the CON 175 group remained seated at room temperature and were given a dilute fruit juice mixture which 176 they were told would aid recovery in order to attempt to control for a potential placebo effect. 177
Subjects were told that it was an isotonic sports drink and were instructed to drink a third 178 every 5 min. 179
Statistical Analysis 181
In order to account for inter-individual variation MVIC, and CMJ performance were 182 expressed as a percentage change from baseline. Data were analysed using magnitude based 183 inferences following the methods recommended by Hopkins et al (13) . The threshold value 184 for the smallest worthwhile change was the smallest standardised change in the mean 185 
195
Effect sizes and respective qualitative inferences can be observed in Table 1 (table 2) . 216
There was an almost certain benefit of CWI (-6.0 ± 1.7%) in limiting the decline in jump 217 height immediately post exercise compared to CON (-3.8 ± 2.7%). In addition a possible 218 decrease and a likely decrease were observed at 24 and 48 h respectively. All observed effect 219 sizes were large. The aim of this investigation was to assess the efficacy of repeated CWI on recovery from a 232 simulated rugby match. The main finding was that repeated CWI was associated with 233 improved muscle function over 48 h, when compared to a control group. In addition CWI 234 also appeared to attenuate the exercise induced increased in muscle soreness and CK activity. 235
236
Tests of muscle function, which include counter movement jump height (CMJ) and maximal 237 voluntary isometric contraction (MVIC), have been deemed applicable and reliable 238 measurement tools for quantifying exercise induced muscle damage (1, 25) . CMJ is an 239 indicator of lower body power, the current investigation observed decreases in this measure 240 after the simulated rugby protocol. This follows a similar trend to previous research using 241 CMJ as a measure of power (7, 23, 26). Large effect sizes for CMJ were observed at all time 242 points with jump height consistently higher in the CWI group indicating a restorative benefit 243 of the treatment. Notably, CMJ values in the CWI group returned to baseline at 48 h (100 ± 244 7.13%) compared to the CON group where jump height was still reduced (92.2 ± 9.52%). 245
This observation is similar to previous research (26). include an analgesic effect of CWI which elicits a drop in intramuscular temperature, 266 reducing nerve conduction velocity, thereby inhibiting the pain spasm cycle and thus pain 267 tolerance (1,6); and a decrease in capillary permeability and blood flow which reduces fluid 268 diffusion into the interstitial spaces and thereby attenuates inflammation (16) . The decreased 269 inflammatory response leads to a reduction in soreness by reducing the osmotic pressure of 270 exudate, which alleviates pressure on nociceptors and thus the sensation of pain (1, 16) . 271
In contrast to our findings some investigations have observed no effects of CWI on muscle 272 soreness (4,6). This may be due to differing treatment protocols, specifically related to water 273 temperature and the number of immersions. Reports suggesting CWI had no effect on muscle 274 soreness used single applications coupled with higher water temperatures of 15°C (4,6). In 275 contrast reports using a similar 2 x 5 min protocol at 10°C observed significant reductions in 276 muscle soreness with the use of CWI (7,15). As such, it is possible that repeated immersions 277 A C C E P T E D at lower water temperatures are important considerations for the efficacy of CWI following 278
rugby. 279
Previous research investigating the effects of CWI on the CK response has reported 281 inconsistent findings with some studies observing reductions in CK concentrations following 282 CWI (15) and other studies reporting no effect (19). The present study observed a blunted CK 283 response in the CWI group at all time points, a moderate effect size was observed 284 immediately post exercise with large effect sizes observed at 24 and 48h post exercise. Whilst 285 the exact mechanisms for this response remain unclear, CWI has been speculated to reduce 286 CK efflux via decreased membrane permeability due to a reduced inflammatory response 287 (1,4,6) . 288
289
The results from this current study appear to support the use of CWI following a simulated 290 rugby match, however, it is important to note that results may have been influenced by a 291 potential placebo effect. Whilst the study did try to control for a placebo effect with the use 292 of a drink that participants were told would aid recovery, it is possible that results could have 293 been affected by participant's belief that CWI has a positive effect on recovery. Whilst the 294 placebo effect may affect measures of muscle function and perceptual measures such as 295 muscle soreness it is unlikely that it could affect changes in CK concentration. Therefore, 296 despite a possible placebo effect, the repeated CWI protocol used within this study appears to 297 benefit performance. 298
299
A C C E P T E D
In conclusion, the findings of this investigation lend support to the use of repeated CWI on 300 recovery following rugby union. The CWI protocol was beneficial in blunting increases in 301 muscle soreness and serum concentrations of CK, and facilitated the recovery of muscle 302 function over 48 h compared to a control group. However, it is likely that the effects of CWI 303 are influenced by the degree of muscle damage and muscle temperature achieved following 304 CWI, therefore more research is required to clarify any potential interactions. This will aid in 305 the prescriptive guidance of CWI for best practice in sport. 306
307
PRACTICAL APPLICATIONS 308
Athletes and coaches are constantly looking for effective recovery modalities that may 309 alleviate the negative symptoms associated with EIMD. Strategies that reduce or alleviate 310 these symptoms and enhance the recovery process are desirable as they may enable the 311 athlete to tolerate higher training loads (2). The use of CWI as a recovery strategy is growing 312 in popularity, however literature investigating the efficacy of CWI is conflicting. This study 313 Values are reported as mean ± SD. * Denotes large effect size observed for changes from 396 baseline between CON and CWI 397 
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